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CONVERSION FROM INCH-POUND SYSTEM TO SI (METRIC) UNITS
The following factors may be used to convert inch-pound units of 
measurement in this report to metric (International Systems) units.
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Flooding of December 29, 1984 Through January 2,1985
in Northern New York State, with Flood Profiles of
the Black and Salmon Rivers
By Richard Lumia, Patricia M. Burke, and William H. Johnston
ABSTRACT
Precipitation, snowmelt, and resultant flooding throughout 
northern New York from December 28, 1984 through January 2, 1985, 
were investigated through a detailed analysis of 56 precipitation 
stations, 101 stage and (or) discharge gaging stations, and 9 
miscellaneous measurement sites. Flood damage to property and roads 
and bridges exceeded $5 million. Lewis and Oswego Counties were 
declared Federal disaster areas, primarily a result of flooding of 
the Black River and Salmon River.
Storm-precipitation and runoff maps show the storms' greatest 
intensity to have been over the Tug Hill and southwest Adirondack 
areas. Total rainfall from December 28 through January 2 was 6.90 
inches at Stillwater Reservoir but only 0.69 inches at Lake Placid. 
New peak discharges of record occurred at 17 gaging stations 
throughout northern New York, and the maximum discharge at 17 sites 
had recurrence intervals equal to or greater than 100 years. 
Computed inflows to 11 major lakes and reservoirs in northern New 
York indicate that significant volumes of water (as much as 5 inches 
of storm runoff at Stillwater Reservoir) were stored during the storm- 
runoff period. Maximum 1-day flood volumes at two gaging stations on 
the Black River had recurrence intervals greater than 100 years.
To help evaluate the extent of flooding, 67 floodmarks were 
obtained along a 94-mile reach of the Black River from Dexter to 
Forestport, and several floodmarks were surveyed within major 
communities along the Salmon River. The floodmarks were obtained 
primarily near major bridges and dams along these rivers.
INTRODUCTION
Precipitation from a strong warm front during December 28-30, 1984, com- 
bined with unseasonably warm temperatures and rapidly melting snow, caused 
extensive flooding throughout northern New York State. Damage to highways, 
bridges, and private property exceeded $5 million. The counties most severely 
affected were Oswego, Jefferson, Lewis, Oneida, Herkimer, Hamilton, St. 
Lawrence, and Franklin (fig. 1). Most of the severe flooding began on 
December 29. The maximum amount of rainfall recorded during December 28-30 
was 6.37 inches at Stillwater Reservoir in Herkimer County; less than 1 inch 
was recorded in Washington and Warren Counties to the east. An additional 1 
to 2 inches of rain fell throughout much of northern New York during a second 
storm on January 1-2, 1985.

The most extensive flooding occurred along the Black River and Salmon 
River, in Lewis and Oswego Counties, respectively. Both counties were 
declared major disaster areas. The storms' greatest recorded intensity was 
near the headwaters of the Black River and Salmon River. Computed maximum 
discharges at 12 sites within these basins had recurrence intervals greater 
than or equal to 100 years, as did a site on West Canada Creek, East Branch 
Fish Creek, West Branch St. Regis River, and two sites on the Salmon River in 
Franklin County. New peak discharges of record occurred at 17 gaging stations 
throughout northern New York.
Purpose and Scope
As part of a continuing program with the New York State Department of 
Transportation to document major floods in New York, the U.S. Geological 
Survey compiled hydrologic data on the storms and floods of December 28, 1984 
through January 2, 1985 in the northern part of the State. This report docu- 
ments the storm and subsequent flooding in several tables and illustrations 
showing precipitation, discharge, and reservoir-storage information. It also 
includes information about the rates of inflow and volume of water stored in 
the several lakes and reservoirs during the flood and presents a series of 
flood profiles showing water-surface elevations along a 94-mile reach of the 
Black River and in major communities along the Salmon River in Oswego and 
Lewis Counties (fig. 1).
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PHYSIOGRAPHY OF NORTHERN NEW YORK
The study region covers 18,000 square oiles in northern New York State 
(fig. 1). The primary geographic feature of the area is the Adirondack 
Mountains, which rise to 5,344 feet above sea level at Mount Marcy in Essex 
County. The region contains more than 1,500 lakes and ponds.
The northern part of the Adirondack region, an area of about 6,000 mi 2 , 
is drained primarily by six major streams, which begin in the central highland 
and flow northward to the St. Lawrence River, which borders parts of Jefferson 
and Franklin Counties and all of St. Lawrence County to the north. These 
streams are the Oswegatchie, Grass, Raquette, St. Regis, Salmon (Franklin 
County), and Chateaugay Rivers, the last three of which cross the 
International boundary and traverse a part of lower Canada before joining the 
St. Lawrence River. The upper reaches of these streams originate in the 
rough, wooded Adirondack highlands and descend rapidly to the level plains 
bordering the St. Lawrence River. Several ponds, lakes, and reservoirs 
throughout the northern Adirondacks provide recreation, hydroelectric power, 
water supply, and flood control. The major northern Adirondack reservoirs 
include Cranberry Lake (Oswegatchie River basin), Tupper Lake-Raquette Pond 
(Raquette River basin), and Carry Falls Reservoir (Raquette River basin).
Streams in the eastern part of northern New York, an area of approxi- 
mately 6,400 mi 2 , flow into the Lake Champlain and Upper Hudson River basins. 
This area encompasses the lowlands of the Lake Champlain-Upper Hudson Valley 
and part of the Adirondack Mountains. The floor of the valley lies between 
100 and 500 ft above sea level. Major streams in the area that drain the Lake 
Champlain basin include Great Chazy, Saranac, Ausable, and Bouquet Rivers; 
those that drain the Upper Hudson River basin include the Hudson, Indian, 
Schroon, and Sacandaga Rivers. The eastern part of the study area contains 
many lakes and ponds both in valleys and the mountains. Major lakes and 
reservoirs are Saranac Lake, Lake George, and Lake Champlain in the Lake 
Champlain basin, and Indian Lake, Schroon Lake, and Great Sacandaga Lake in 
the Upper Hudson River basin.
The southern part of the study region, an area of about 2,600 mi 2 , is 
bordered on the south by the Mohawk River and Oneida Lake. The Mohawk River 
flows eastward to the Hudson River; Oneida Lake drains west to the Oswego 
River, which flows to Lake Ontario. The two major tributaries that flow 
south to the Mohawk River are East Canada and West Canada Creeks. The major 
reservoirs in this area include Hinckley Reservoir (West Canada Creek basin), 
Delta Reservoir (near headwaters of the Mohawk River basin), and Oneida Lake 
(Oswego River basin). Fish Creek is a major tributary which flows south to 
Oneida Lake.
The headwater areas in the Adirondacks are underlain by Ordovician 
crystalline limestone, Cambrian Potsdam Sandstone, or Precambrian granite and 
gneiss. The entire northern area was covered by the ice of the recent glacial 
period, and extensive deposits of Pleistocene glacial material cover most of 
the region (Cullings, 1939).
The climate of northern New York is generally the humid continental type, 
which prevails in the northeastern United States. Masses of cold, dry air 
frequently arrive from the northern interior of the continent, and prevailing
winds from the south and southwest often transport warm, humid air to the 
area. These two types of airmass largely determine the climate. The mean 
annual precipitation over these areas ranges from about 30 inches over Lake 
Champlain to about 55 inches near the headwaters of East Canada and West 
Canada Creeks and East Branch Fish Creek (Zembrzuski and Dunn, 1979) . The 
rainfall is evenly distributed throughout the year, but the heaviest precipi- 
tation generally occurs during the growing season.
The topography and proximity to large bodies of water have pronounced 
effects on the climate, as evidenced by the large range in mean annual precip- 
itation over the area. The Adirondack region has an average seasonal snowfall 
in excess of 90 inches, but amounts decrease to between 60 and 70 inches in 
the lowlands of the St. Lawrence Valley and to about 60 inches near Lake 
Champlain. A snow cover generally begins to develop in the Adirondacks and 
northern lowlands by late November and remains into April. Monthly mean tem- 
peratures throughout the area are about 20°F in December and January and about 
70°F in July. The Adirondack region has 35 to 45 days with below-zero tem- 
peratures in normal to severe winters, except near Lake Champlain and the St. 
Lawrence River, where the number of such days is smaller (National Oceanic and 
Atmospheric Administration, 1978).
PHYSIOGRAPHY OF BLACK RIVER AND SALMON RIVER BASINS
The Black River and Salmon River basins in Lewis and Oswego Counties 
(fig. 1) experienced extensive flooding after the storms of December 28, 1984 
through January 2, 1985; therefore, the physiographic characteristics of these 
basins, in the western part of the study area, are described in detail.
Black River Basin
The Black River basin, within and adjacent to the western Adirondack 
Mountains (fig. 2), drains a 1,914-mi 2 area. Westward drainage from the 
Adirondacks and Tug Hill turns abruptly northward and flows as the Black River 
around the north end of Tug Hill into Lake Ontario. The elevation of the 
basin declines from about 3,000 ft in the Adirondacks to about 250 ft at the 
river's mouth. The Black River, about 110 mi long, begins in the Adirondacks, 
flows southwestward to Forestport, where it turns northwest and follows a 
nearly straight course to Lyons Falls. Downstream from Lyons Falls, it mean- 
ders over an ever-widening flood plain to Carthage, where it turns west and 
flows through a nearly straight channel in bedrock to Lake Ontario. Major 
tributaries to the Black River that enter from the east include the Moose, 
Independence, and Beaver Rivers, and Otter Creek; those entering from the west 
include the Sugar and Deer Rivers. Major reservoirs within the basin are 
Stillwater Reservoir in the Beaver River basin, First and Sixth Lakes within 
the Fulton chain of lakes (Moose River basin), and Forestport Reservoir, on 
the Black River.
The geologic formations throughout the Black River basin are similar to 
those elsewhere in northern New York. The principal bedrock unit is the 
Precambrian igneous and metamorphic basement complex of the Adirondacks. 
Overlying the Precambrian rock are Paleozoic sedimentary rocks, primarily the
Potsdam Sandstone. Limestones and siltstones overlie these formations. 
Glacial material was deposited over most of the basin during the Pleistocene 
Epoch (Waller and Ayer, 1975).
The climate of the Black River basin is the humid continental type. 
Storms enter the basin primarily from the northwest and south. Mean annual 
precipitation ranges from about 37 inches at the mouth of the Black River to 
more than 55 inches near Tug Hill (Zembrzuski and Dunn, 1979). Topography, 
elevation, and proximity to Lake Ontario produce seasonal snowfalls averaging 
more than 175 inches on the western and southwestern slopes of the Adirondacks 
and Tug Hill. Monthly mean temperatures over the basin are about 18° F in 
December, 23°F in January, and about 68°F in July (National Oceanic and 
Atmospheric Administration, 1982).
Salmon River Basin
The Salmon River basin is a 267-mi 2 area mainly in Oswego and Lewis 
Counties, although about 3 mi 2 of the Mad River drainage, a tributary to the 
North Branch Salmon River, lies in the southeastern corner of Jefferson County 
(fig. 2). About 63 mi 2 of the headwaters streams are in the western part of 
Lewis County, where the drainage divide between the Salmon River and Fish 
Creek basins meets the drainage divide of the Black River basin. The 
remainder of the basin drains part of Oswego County.
The Salmon River basin lies within two physiographic provinces. The 
eastern part of the basin is in the Tug Hill Plateau, where elevations range 
from about 1,800 ft above sea level at the drainage divide to about 500 ft 
near Pineville. The western part of the basin is in the Lake Ontario Plain, 
which consists of gently rolling hills that range from 600 ft to 246 ft above 
sea level (Miller, 1982).
The Salmon River basin is underlain by sandstone, shale, and siltstone of 
Ordovician and Silurian ages. The Ordovician Oswego Sandstone underlies a 
large part of the basin, generally to the east of Altmar and south of the 
Salmon River. The Ordovician Pulaski Formation, which consists of shale and 
siltstone, underlies the Richland-Pulaski area in the western part of the 
basin and north of the Salmon River. Silurian sandstone and shale underlies 
the higher elevations near the drainage divides (Isachsen and others, 1970, 
Rickard and others, 1970).
Glacial deposits overlie most of the basin. The Lake Ontario Plain is 
characterized by lake deposits in low areas between drumlins (long, parallel, 
elliptical hills consisting of lodgment till). The Tug Hill Plateau contains 
irregular, low, knobby mounds of ablation moraine that overlies drumlins and 
bedrock, and some kame and outwash sand and gravel. The regional slope of the 
bedrock surface from the Tug Hill Plateau to Lake Ontario, and the orientation 
of the drumlins, east-west in the Lake Ontario Plain and southeast-northwest 
on the Tug Hill Plateau, are the major factors that control the direction of 
streamflow (Miller, 1982).
The East and West Forks of the Salmon River join about 4 mi east of the 
Village of Osceola (Lewis County) to form the Salmon River, which at this 
point has a drainage area of less than 15 mi 2 . Several brooks contribute to
the flow upstream from Osceola. Between there and Oswego County, the drainage 
area increases to nearly 50 mi 2 . From the county line, the river flows less 
than 3 mi to the Salmon River Reservoir near the Village of Redfield. The 
North Branch Salmon River, which drains nearly 90 mi 2 , enters the reservoir 
near Redfield as well. From the reservoir complex, the Salmon River continues 
westward through the villages of Altmar, Pineville, Pulaski, and Port Ontario, 
and empties into Lake Ontario at Selkirk (Oswego County).
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Figure 2. Major geographic features of the Black River and 
Salmon River basins.
One of the main features of the basin is the Salmon River Reservoir, 
which has a storage capacity of about 2,900 million ft 3 (from a capacity curve 
furnished by Niagara Mohawk Power Corporation, Syracuse, N.Y.). The reser- 
voir, with a spillway elevation of 937 ft above sea level, is about 6.4 mi 
long and averages about 0.8 mi wide. The surface area of the reservoir is 
5.28 mi (Greeson, 1970).
The river falls 286 ft from the Salmon River Reservoir spillway to the 
Lower Reservoir 3.4 mi downstream, which has a spillway elevation of 651 ft 
above sea level. The Lower Reservoir is only about 0.9 mi long and 0.3 mi 
wide and has a surface area of 0.26 mi 2 (Greeson, 1970). The relatively small 
storage capacity of about 137 million ft 3 has little effect on modification of 
peak floodflows in the basin.
The climate in the Salmon River basin is the humid continental type. 
Average annual precipitation ranges from about 43 inches along Lake Ontario to 
about 55 inches in the higher elevations of the Tug Hill Plateau. 
Distribution is fairly uniform throughout the year. The Tug Hill Plateau 
receives somewhat more precipitation in fall and winter as a result of the 
combination of the orographic (upland) effect and the lake effect from extra 
moisture carried by the prevailing winds over Lake Ontario (Dethier, 1966).
STORMS AND FLOODS OF DECEMBER 28, 1984 THROUGH JANUARY 2, 1985
On December 28-30, 1984, a strong warm front moved into New York from the 
south, bringing record temperatures and heavy rainfall. The mild weather con- 
tinued into the first two days of January as a second storm left an additional 
1 to 2 inches of rain over much of northern New York. The heaviest total 
rainfall, more than 6.5 inches, fell over the Tug Hill and southwest 
Adirondack areas and caused record flooding on several streams. As the storms 
moved northward, they dropped more than 4 inches of rain over several stream 
basins tributary to the St. Lawrence River and again caused record flooding in 
some streams.
Antecedent Conditions
Antecedent conditions throughout northern New York were conducive to 
heavy runoff from the storms. A storm on November 28-30, 1984, dropped 1 to 2 
inches of rain over much of northern New York (National Oceanic and 
Atmospheric Administration, 1984a). December precipitation over most of that 
area was already at or near normal monthly amounts for December before the 
storms, which began late on December 28. The potential for rapid runoff was 
increased by occasional temperatures below zero after mid-December throughout 
the Adirondacks, which caused freezing of the ground at the higher elevations. 
Air temperatures throughout the area on December 29-30 generally ranged from 
the low 60*s down to the low 20 *s at night. Also contributing to the poten- 
tial for high runoff was snow cover over the area before the storm. Data on 
precipitation at 56 stations are given in table 1, which includes information 
on snow cover at stations where such data were available. The data show that
areas near Tug Hill and the southwestern Adirondacks had 12 to 20 inches of 
snow on the ground before the storm. Almost all snow was gone by December 31 
Limited information on the water content of snow showed that just before the 
storm, the snowpack at Boonville and at Newcomb contained about 2.5 inches of 
water (National Weather Service, oral commun., April 1985). These antecedent 
conditions, combined with temperatures in the upper 50's and lower 60's 
throughout the area on December 29-30 and large amounts of rainfall during 
that period, caused rapid snowmelt and produced floods of record on several 
streams tributary to the St. Lawrence River and in the Black River and Salmon 
River basins, both tributary to Lake Ontario. The storm precipitation and 
resultant flooding are discussed in the following sections.
Precipitation
The amount of rainfall during the storms of December 28-30 and January 
1-2 varied widely across northern New York. Table 1 shows daily and total 
storm rainfalls at 56 precipitation stations (fig. 3) throughout the area 
(National Oceanic and Atmospheric Administration, 1984b). Most of the rain 
fell December 29-30; the maximum for the 2 days was 6.32 inches at Stillwater 
Reservoir. Total rainfall for December 28 to January 2 ranged from 6.90 
inches at Stillwater Reservoir (Herkimer County) and 6.67 inches at Hooker 
(Lewis County) to 0.69 inches at Lake Placid (Essex County) and 0.75 inches at 
Whitehall (Washington County).
The variability of the storms' total rainfall is shown in figure 3. 
Lines of equal total storm precipitation, drawn from data in table 1, show 
that the most intense rain occurred over the Tug Hill area and over regions 
near the southwestern parts of the Adirondack Mountains. As the storm moved 
northward across the Adirondacks, it dropped more than 4 inches of rain near 
the headwaters of the Raquette, St. Regis, and Salmon (Franklin County) Rivers 
(fig. 1), all tributary to the St. Lawrence River. The Black River and Salmon 
River (Tug Hill area) basins received the largest amounts of precipitation, 
primarily because of the orographic effects near the headwaters of these 
basins. Extreme eastern parts of northern New York received the smallest 
amounts.
Rainfall-frequency relationships for 24- and 48-hour duration at six 
sites in northern New York are given in table 2. The 48-hour values were 
extrapolated from data from the Weather Bureau's rainfall-frequency atlas 
(U.S. Weather Bureau, 1961). This information indicates that at Stillwater 
Reservoir, the maximum 24- and 48-hour rainfalls of 4.07 and 6.32 inches, 
respectively, have recurrence intervals of 30 years and greater than 100 
years, respectively. In contrast, the maximum 24- and 48-hour storm rainfalls 
at Lake Placid have recurrence intervals of less than 2 years. Table 3, which 
shows rainfall-frequency relationships for storms of 3-, 6-, and 12-hour dura- 
tion at Boonville, is included to show that the maximum storm rainfall amounts 
for shorter duration were not unusual. The maximum 3-, 6-, and 12-hour storm 
rainfall amounts at Boonville were 0.7, 1.1, and 1.6 inches, respectively, and 
the recurrence interval for these rainfall intensities is less than 2 years 
for each duration. The most intense 3-hour rainfall (0.7 inches) at Boonville 
occurred between 2:00 and 5:00 p.m. on December 29.
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Table 2. Rainfall-frequency relationships for storms of 24- and 48-hour 
duration in selected areas of northern New York.
[Data from U.S. Weather Bureau, 1961. Locations are shown in fig. 3.]
Station name and location
Recurrence Stillwater/
interval Big Moose Watertown Boonville Massena
(years) (22)* (5)* (24)* (46)*
Lake
Placid Highiaarket 
(30)* (26)*
2
5
10
25
50
100
2
5
10
25
50
100
2.4
3.1
3.5
4.0
4.4
4.7
3.0
3.8
3.9
4.5
4.9
5.3
Depth for
2.3
3.0
3.4
3.9
4.3
4.6
Depth for
2.9
3.7
3.8
4.4
4.8
5.1
24-hour
2.5
3.2
3.7
4.2
4.5
4.8
48-hour
3.1
3.8
4.1
4.7
5.1
5.5
duration,
2.2
2.9
3.1
3.7
4.1
4.3
duration,
2.7
3.5
3.6
4.2
4.6
4.8
in inches
2.4
3.1
3.5
4.0
4.4
4.7
in inches
2.9
3.6
3.8
3.5
4.9
5.1
2.5
3.2
3.7
4.2
4.5
4.8
3.1
3.8
4.1
4.7
5.1
5.5
Site number corresponds to that in table 1.
Table 3. Rainfall-frequency relationships for storms of 
3-, 6-, and 12-hour duration at Boonville.
____[Data from U.S. Weather Bureau, 1961* Location is shown in fig* 3.]
Recurrence Depth for Depth for Depth for
interval 3-hour duration 6-hour duration 12-hour duration
(years) ___ (inches) (inches) ____ __(inches)
2
5
10
25
50
100
1.4
1.8
2.2
2.5
2.8
3.2
1.8
2.2
2.7
3.0
3.4
3.8
2.2
2.7
3.2
3.5
3.8
4.4
Flooding
Flooding throughout the study area forced the evacuation of more than 
2,000 residents from homes and businesses. Roads and bridges were closed over 
widespread areas. Several dams and drainage structures were damaged, as was 
farmland. Private residential damage was estimated to be about $1 million, 
and more than 500 homes were damaged. Damages to public roads and facilities 
were estimated to be more than $4.4 million, including over $0.6 million to 
State-owned and $3.8 million to locally owned roads and facilities (State
13
Emergency Management Office, written commun., 1985). No loss of life was 
reported. Governor Mario M. Cuomo declared a disaster emergency for Lewis, 
Jefferson, St. Lawrence, Franklin, Oswego, Herkimer, Oneida, and Hamilton 
counties. Lewis and Oswego counties were declared major disaster areas by the 
President of the United States.
In the Town of Malone, Franklin County, about 200 people were evacuated 
on December 29 as floodwaters from the Salmon River inundated their homes and 
caused the closing of the Willow Street bridge (Malone Evening Telegram, 
December 31, 1984). Extensively damaged during the flood was the Ballard Mill 
in Malone as the Salmon River breached a dam at the mill. The photographs in 
figure 4 show the Ballard Mill and the dam before and after the flood.
In St. Lawrence County, the West Branch of the St. Regis River flooded, 
and power company officials were forced to remove stop logs from a dam in 
Parishville to lower the water in the pond upstream from the dam. Along the 
Raquette River near Potsdam, a section of Hewittville Road was closed because 
of high water. Several towns along the Raquette River from Piercefield to 
Potsdam reported road damage (Courier and Freeman, 1985). The Grass River 
overflowed and flooded Pyrites-Russell Road in Pyrites. In the Town of 
Clifton, a 3-mile stretch of road from Benson Mines to Newton Falls was closed 
when 3 feet of water flowed over it from the Little River. River Road between 
Newton Falls and Windfall was reported flooded by the Oswegatchie River 
(Watertown Daily Times, 1984).
The counties most severely damaged by the storm and floodwaters were 
Lewis and Oswego. In Lewis County, flooding occurred along all major tribu- 
taries to the Black River. Lewis County officials reported that eight roads 
in the county lost bridges, and another eight were closed during the flood. 
Several families along the Black, Beaver, and Deer Rivers were forced to evac- 
uate their homes, and floodwaters from the Independence River in the Town of 
Watson washed away five camps and damaged five others. A paper mill on the 
Moose River at Lyonsdale was forced to close temporarily. Flooding of the 
Black River stranded several families on Ridge Road between Lowville and 
Castorland at their farms, and washouts closed bridges over the Black River 
between Lyons Falls and Castorland. The Davis Bridge Road in the Town of 
Lyonsdale was also washed out, and several hydroelectric plants within the 
basin were also damaged by the high water, including those in Copenhagen, Port 
Leyden, Kosterville, and Lyon Falls (Carthage/Lowville Times, 1985). The 
photograph in figure 5 shows water from the Black River flowing over Number 
Four Road in the Town of Watson on December 30, 1984.
The most disastrous flooding occurred along the Salmon River and its 
major tributaries in Oswego County. The North Branch of the Salmon River 
caused a complete washout of the Caster Road bridge in the Town of Redfield 
(Pulaski Democrat, 1985). The Salmon River destroyed the Helbock Bridge on 
Harvester Mill Road in Redfield, and water flowed over the flashboards of the 
dam on the Salmon River Reservoir at the Bennetts Bridge hydroelectric 
complex. At the Lower Salmon River Reservoir, the Niagara Mohawk Power 
Company reported that a retaining wall below the dam gave way. In the Village 
of Altmar, the abutments of the Salmon River bridge were damaged, and several 
houses north of the bridge suffered extensive flood damage. The bridge on 
Interstate Route 81 in Pulaski was closed during the high water. Extensive 
flood damage occurred along Salina Street. State Route 3 in Port Ontario was
14
Figure 4. Ballard Mill in Malone before and after flooding by the Salmon 
River on December 29, 1984. View is from west. (Courtesy of 
Ballard Mill Center for the Arts, 1984.)
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Figure 5.
Black River flowing over 
Number Four Road in the 
Town of Watson on December SO, 
1984. (Courtesy of Carroll 
E. Owens.)
Figure 6. Collapsed Oeeeola Bridge during flood on the Salmon River in 
Oeoeola, December 29, 1984. (Courtesy of Carroll E. Owens.)
16
closed as the Salmon River rose to a few feet below the bridge deck. 
Notification to evacuate homes and businesses in the flood-prone areas of 
Pulaski and Altmar was given because of concern over a possible washout of an 
earth dam on the Salmon River Reservoir. Flooding of the upper reaches of the 
Salmon River in the Tug Hill area on December 29 resulted in the collapse of 
the Osceola Bridge (Hometown News, 1985). The photograph in figure 6 shows 
the collapsed bridge.
Flood Discharge and Frequency
The U.S. Geological Survey maintains 39 recording and 28 crest-stage 
stream-gaging stations throughout northern New York State. During and after 
the floods of December 29, 1984 through January 2, 1985, peak stage and 
discharge data were collected at these sites and at 21 discontinued gaging 
sites in the area. Locations of these sites are shown in figure 7. Also 
shown in figure 7 are 13 nonrecording sites and 9 miscellaneous sites at which 
indirect measurements of discharge were made after the floods. Sixteen 
indirect discharge measurements were made after the flooding, three of which 
were made at active gaging stations, four at discontinued gages, and nine at 
miscellaneous sites. The active gaging stations shown in figure 7 are labeled 
as recording or crest-stage gages. The recording gages record stream stage 
continuously (or at preselected time intervals), whereas crest-stage gages 
register only the peak stage occurring between inspections of the gage. Data 
from the 13 nonrecording sites were provided by sources other than the 
Geological Survey. The readings at these sites usually are from a staff gage 
read daily at preselected times. The peak stage and discharge data collected 
at the 110 sites shown on figure 7 are given in table 7 (at the end of report).
Data given in table 7 are listed by the major stream or lake basin in 
which the site is located. The sites are listed by Geological Survey station 
number (downstream order). Data from several sites were obtained from sources 
other than the Geological Survey and are footnoted. Many of these sites are 
at reservoirs where gages are read at specific times during the day and there- 
fore are designated as active nonrecording gages. The source of the data is 
indicated in table 6 (p. 30). The period-of-record column in table 7 repre- 
sents only those water years in which peak stage or discharge data were 
obtained. Not all periods listed are continuous or complete; an occasional 
year or two of peak-flow record may be missing. The previous-flood-of-record 
column may contain two entries; the first includes the previous maximum known 
discharge and associated gage height, and the second gives the previous maxi- 
mum known gage height if it exceeds that in the first entry. Discharge is 
given in ft^/s and (ft3/s)/mi 2 . Unless noted otherwise, all stages were 
obtained from the gage record.
One measure of a flood's severity is the probability of the flood 
discharge being exceeded by another flood discharge during the same year. 
Probability is expressed as a decimal number less than 1.0 that shows the 
chance that a flood will be exceeded in any given year. Probability can be 
converted to percent chance by multiplying by 100. The recurrence interval, 
or average time interval between the actual occurrence of a flood of equal or 
greater magnitude, is the reciprocal of the probability. For example, a flood 
having a probability of 0.01 (100-year flood) has a 1-percent chance of being 
equaled or exceeded in any given year. The recurrence interval is a
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statistical average, and two or more 100-year floods could occur within a 
given year. The recurrence intervals given in table 7 were obtained from a 
combination of regional flood-frequency relationships for estimating flood 
magnitudes (Zembrzuski and Dunn, 1979) and log-Pearson Type III analyses of 
station data (U.S. Geological Survey, 1983).
Data in table 7 indicate that the most severe floods were in the Black 
River and Salmon River basins (each tributary to Lake Ontario),; 12 of the peak 
discharges at sites in these basins had recurrence intervals equal to or 
greater than 100 years. Other sites that had peak discharges with recurrence 
intervals greater than 100 years were West Canada Creek at Nobleboro 
(01342800), East branch Fish Creek at Taberg (04242500), West Branch St. Regis 
River near Parishville (04268800), Salmon River (Franklin County) at Chasm 
Falls (04270000), and Salmon River (Franklin County) at Malone (04270030). 
New peak discharges of record were set at 17 gaging stations throughout the 
study area, eight of which occurred at sites within the Black River basin.
The Black River basin contains several stream-gaging stations and 
miscellaneous-measurement sites. The relationship between peak discharge and 
drainage area at 12 of these sites for the flood of December 29-31, 1984, is 
plotted in figure 8; the curve shows the relation for sites on the Black 
River; the remaining sites are on major tributaries to the Black River.
50,000
Q
Z
o 
u
t/5 20,000
cc
LLJ 
CL
'10,000
5000
2000
1000
1 1 1 1 1 1 1 1 1
"
_
o
o
"" f»
o^
0 S°
O 00 3
o o o
o in  38^-
CM O ^. -^
0 S A-*"^
CM O ^"
s
LO 
CM
s
o
LO
CM
O
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 l|
A' CM S
o 1$ ?k v>!x^ S ^
23 IO S rV" S^ S
0) Oi ^ ft\^i^ O ""
s g° x
0 j^*
^f
^^^
^^^  
^x -
"
.
A Peak discharge at site on
  Black River
o
§ op   Peak discharge at site on major 
^ tributary to Black River
*Sf
o
 
1 I 1 1 1 1 1 1 1 I II
10 20 50 100 200 500 1000 
DRAINAGE AREA, IN SQUARE MILES
2000 5000
Figure 8* Relationship of peak discharge to drainage area for sites 
in the Black River basin during flood of December 29- 
31 j 1984. (Station names are given in table 7.)
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Storm Runoff
The volume of storm runoff at all active recording gaging stations in the 
study area during December 28-29, 1984 through January 6, 1985 was computed; 
results are given in table 4, and locations of these sites are shown in figure 
9. The computation period began on December 28 for sites at which storm 
runoff was evident on that day. An end date of January 6 was used at all 
sites for comparison purposes.
Inflows to major reservoirs in the study area were computed for sites 
where data were available and are included in table 4. The effect of reser- 
voirs on flooding is discussed in the next section. Where data were 
available, storm runoff was adjusted for change in reservoir content upstream 
from gaging stations. These adjusted values and runoff values at unregulated 
sites were used to draw the lines of equal storm runoff shown in figure 9 for 
December 28-29 through January 6. Data from some sites listed in table 4 were 
not used for figure 9 if significant amounts of storage in upstream reservoirs 
were not accounted for.
The general runoff pattern shown in figure 9 compares favorably to that 
in figure 3 (storm-precipitation map). The highest runoff occurred near Tug 
Hill and near the southwestern part of the Adirondack Mountains, and the 
smallest storm runoff was in extreme eastern parts of the study area. 
Differences between storm precipitation and storm runoff can be attributed 
primarily to snowmelt, rates of infiltration, unknown degrees of attenuation 
(storage) of storm runoff by ungaged lakes and reservoirs, variations in basin 
topography and geology, relative size of drainage basins, location of stream- 
gaging sites relative to precipitation-collection sites, and possible inac- 
curacies from data interpolation between sites.
Discharge hydrographs for December 26, 1984 through January 10, 1985 are 
shown in figures 10 for recording-gage sites with peak discharges having 
recurrence intervals of 10 years or more. The recording interval for these 
sites ranges from 15 minutes to 1 hour. These hydrographs are presented to 
show the duration and magnitude of the flood at these sites.
The greatest storm runoff and resulting flood damage occurred in the 
Salmon River and Black River basins. The magnitude and frequency of the maxi- 
mum average consecutive 1-, 3-, 7-, 15-, and 30-day stormflows were computed 
for the Black River near Boonville (04252500), the Black River at Watertown 
(04260500), and the East Branch Fish Creek at Taberg (04242500) gages to indi- 
cate the frequency of this volume of runoff; results are presented in table 5. 
The East Branch Fish Creek basin is adjacent to the Salmon River basin, and 
data from the Taberg gage are included to indicate the volume of runoff from 
the Tug Hill area. Table 5 shows that record 1-day flows occurred at the 
Boonville and Watertown gages, and a record maximum average 3-day volume of 
water occurred at the Taberg gage.
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Effect of Reservoirs
Reservoirs and lakes throughout northern New York had a significant 
effect on flooding during the storm and subsequent period of runoff. Table 6 
contains data from selected lakes and reservoirs in the study area. The 
change in contents during the period of storm runoff is given from the time 
just before the lake or reservoir began to rise to the time when the maximum 
elevation was observed or recorded. Large amounts of storm runoff were 
stored, particularly in the Hinckley and Stillwater Reservoirs in the Mohawk 
River and Black River basins, respectively (table 6). During the runoff 
period, the water-surface elevation in Hinckley Reservoir rose more than 38 ft 
and stored 3.4 inches (2,964 million ft 3 ) of storm runoff from December 28 
through January 3, and Stillwater Reservoir rose 7.9 ft and stored 5 inches 
(1,971 million ft 3 ) of storm runoff from December 28 through January 8.
Hydrographs of daily inflow, outflow, and lake or reservoir elevation for 
December 26, 1984 through January 10, 1985 are shown in figure 11 for selected 
lakes and reservoirs in the study area. The hydrographs show the duration and 
magnitude of the flood at these sites and the relationships between daily 
inflows, outflows, and lake or reservoir elevations. The following equation 
for conservation of mass was used to compute daily inflows to the lakes or 
reservoirs:
Inflow = outflow Hr change in storage (1)
Midnight lake or reservoir elevations were used to compute daily changes in 
storage. The source of lake or reservoir elevations is given in table 6. 
Daily outflows for many of the lakes and reservoirs listed in figure 11 were 
obtained from U.S. Geological Survey gaging-station records. Outflows for 
Sixth Lake (04253300), First Lake (04253400), and Stillwater Reservoir 
(04256500) were provided by the Hudson River-Black River Regulating District, 
and those for Hinckley Reservoir (01343900) were provided by New York State 
Department of Transportation. Outflows for the two Salmon River Reservoirs 
(04249700 and 04249702) were obtained from Niagara Mohawk Corporation. The 
area between the inflow and outflow curves in figure 11 represents the amount 
of water going into storage during the runoff period.
Intermittent lake-elevation readings indicate that peak inflows to 
Hinckley Reservoir (01343900) and to Salmon River Reservoir (04249700) were 
about 26,000 ft 3/s and 31,000 ft 3 /s, respectively. The maximum inflow to 
Hinckley Reservoir occurred on December 30 at about 1:00 a.m., while the 
inflow to Salmon River Reservoir peaked on December 29 at about 2:00 p.m.
Several small reservoirs in the Black River basin, used primarily for 
diversions to the Mohawk River basin, and also small pools at powerplants, 
provide storage capacity that probably reduced the storm runoff to some 
degree. Their effect during the storm was not documented, however.
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Flood Profiles
The most extensive flood damage was along the Black River and Salmon 
River. To help document and evaluate the extent and severity of the flood, 
floodmarks (flood-crest stages) were obtained along a 94-mile reach of the 
Black River from Dexter to Forestport (fig. 2) and within major communities 
along the Salmon River. Figure 2 shows the locations of the study reaches and 
major communities along each reach.
Black River. After the high water of December 29-31, 1984, 67 floodmarks were 
identified along a 94-mile reach of the Black River. The water-surface eleva- 
tions were measured primarily at major bridge and dam crossings and are 
plotted in figure 12, which also shows stream-bottom elevations, low-chord and 
road elevation at the centerline of each bridge, elevations of dam crests, 
several locations of corporate limits and major tributary streams. The flood- 
mark, bridge, and dam-crest elevations, and also stream-bottom elevations at 
bridges were surveyed in the field. Other streambed elevations were obtained 
from previous studies (U.S. Army Corps of Engineers, 1974 and 1977) or were 
estimated from topographic maps of the area. Stream-bottom elevations between 
surveyed or estimated points were interpolated. The water-surface elevation 
and degree of accuracy of each floodmark is indicated on figure 12.
An accuracy rating of the floodmarks was assigned in the field according 
to the type of mark and the field conditions in the immediate area. For 
example, excellent or good marks are generally seed lines on trees or struc- 
tures in protected areas; fair marks are usually debris lines or fairly well 
defined mud lines on the streambank, and poor marks are piles of debris, 
eroded banks, or poorly defined washlines. A quantitative indication of 
floodmark accuracy is given below:
Accuracy 
Floodmark rating (ft)
excellent +_ 0.02
good £ .05
fair _+ .10
poor______ > + .10
Salmon River. Floodmarks for the high water of December 29-30, 1984, on the 
Salmon River were identified in the communities of Port Ontario, Pulaski, 
Pineville, Altmar, and Osceola (fig. 2). The water-surface elevations were 
measured primarily in the vicinity of bridge crossings and are shown in figure 
13, which also indicates streambed elevations and low-chord and road elevation 
at the centerline of each bridge. All elevations were surveyed in the field 
except for some stream bottoms, which were estimated from topographic maps.
Several floodmarks were identified in the vicinity of bridges in each 
community; their elevations are shown on figure 13. An average water-surface- 
elevation profile is also included. The floodmarks were mostly fair to poor.
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Figure 12 (continued). Water-surface profile of the Black River from
Dexter to Forestport during the flood of December 29-31, 1984, 
river miles 81 to 96 above mouth.
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SUMMARY
A strong warm front moved into northern New York on December 28-30, 1984, 
with large amounts of precipitation and unseasonably warm temperatures that 
caused significant snowrnelt and extensive flooding throughout the area. 
Damage to property, highways, and bridges exceeded $5 million. Almost 6.5 
inches of rain fell in some areas, and as much as 2 additional inches fell 
January 1-2, 1985, from a second, less intense storm.
Analyses of 56 precipitation stations, 101 stage and (or) discharge- 
gaging stations, and 9 miscellaneous-measurement sites, showed the storms' 
greatest intensity to be over the Tug Hill area and southwestern Adirondacks, 
where the Salmon River and Black River originate, respectively. Flooding of 
these two rivers caused most of the damage. New peak discharges of record 
occurred at 17 gaging stations, 8 of which are within the Black River basin. 
Maximum flood discharges at 17 sites had recurrence intervals equal to or 
greater than 100 years.
Computed inflows to 11 major lakes and reservoirs indicate that signifi- 
cant volumes of water (as much as 5 inches of storm runoff at Stillwater 
Reservoir) were stored during the storm-runoff period. Maximum 1-day flood 
volumes at the Black River near Boonville (04252500) and Black River at 
Watertown (042605UO) gaging stations had recurrence intervals greater than 1UU 
years.
To evaluate the extent of flooding, 67 floodmarks were identified along a 
94-mile reach of the black River from Dexter to Forestport, and water-surface 
elevation profiles in major communities along the Salmon River in Lewis and 
Oswego Counties were drawn. The floodmarks were primarily at major bridges 
and dams.
REFERENCES CITED
Carthage/Lowville Times, 1985, Tuesday, January 8, p. 1.
Courier and Freeman [Potsdam, N.Y.], 1985, Tuesday, January 1, v. 132, no. 40, 
p. 1.
Cullings, E. S., 1939, A preliminary survey of the water resources of New York, 
northern Adirondack rivers and St. Lawrence River: State of New York 
Division of State Planning, Bulletin 33, 89 p.
Dethier, B. E., July 1966, Precipitation in New York State: New York State 
College of Agriculture Bulletin 1009, 78 p.
Greeson, P. E. and Robison, L. F., 1970, Characteristics of the New York 
lakes, Part 1 - Gazetteer of lakes, ponds, and reservoirs: U.S. 
Geological Survey Bulletin 68, 124 p.
Hometown News, Oswego County, 1985, Tuesday, January 8, section 2, p. 1.
Isachsen, Y. W. and Fisher, D. W., 1970, Geologic map of New York, Adirondack
sheet: New York State Museum and Science Service, Map and Chart Series 15
42
REFERENCES CITED (continued)
Malone Evening Telegram, 1984, Monday, December 31, v. 80, no. 18, p. 1.
Miller, T. S., 1982, Geology and ground-water resources of Oswego County,
New York: U.S. Geological Survey Water-Resources Investigations 81-60, 
37 p.
National Oceanic and Atmospheric Administration, 1978, Climate of New York: 
Climatography of the United States, no. 60, 28 p.
______ 1982, Monthly normals of temperature, precipitation, and heating and 
cooling degree days, 1951-80 for New York: Climatography of the United 
States, no. 81, 16 p.
1984a, Climatological data, New York, November 1984, v. 96, no. 11,
35 p.
1984b, Climatological data, New York, December 1984, v. 96, no. 12,
34 p.
1985, Climatological data, New York, January 1985, v. 97, no. 1, 33 p,
Pulaski Democrat, 1985, Monday, January 14, v. 134, no. 31, p. 1.
Rickard, L. V. and Fisher, D. W., 1970, Geologic map of New York, Finger Lakes 
sheet: New York State Museum and Science Service, Map and Chart Series 15
U.S. Army Corps of Engineers, 1974, Flood information report, Black River,
New York, Carthage State Dam to Mill Creek near Lowville, N.Y: Buffalo, 
U.S. Army Corps of Engineers, 4 p.
______ 1977, Flood plain information report, Black River, New York, Deferiet
Dam to confluence of Deer River: Buffalo, U.S. Army Corps of Engineers, 
30 p.
U.S. Department of Commerce, Weather Bureau, 1961, Rainfall frequency atlas 
of the United States: Washington, D.C., Technical Paper no. 40, 115 p.
U.S. Geological Survey, 1983, Guidelines for determining flood-flow frequency: 
Interagency Advisory Committee on Water Data Bulletin 17B of Hydrology 
Subcommittee, 28 p.
Waller, R. M. and Ayer, G. R., 1975, Water resources of the Black River 
basin, New York: State of New York Department of Environmental 
Conservation, Basic Planning Report BRB-1, 205 p.
Watertown Daily Times, 1984, Monday, December 31, 124th year, p. 12.
Zerabrzuski, T. J., Jr., and Dunn, B., 1979, Techniques for estimating
magnitude and frequency of floods on rural, unregulated streams in 
New York State excluding Long Island: U.S. Geological Survey 
Water-Resources Investigations Report 79-83, 66 p.
43
Ta
bl
e 
7.
 S
um
ma
ry
 o
f 
pe
ak
 s
ta
ge
s 
an
d 
di
sc
ha
rg
es
 f
or
 f
lo
od
s 
o
f 
De
ce
mb
er
 1
98
4 
th
ro
ug
h 
Ja
nu
ar
y 
19
85
.
[L
oc
at
io
ns
 s
ho
wn
 i
n 
fi
g.
 
7.
]
Pr
ev
io
us
 
fl
oo
d
St
at
io
n 
n
u
m
be
r
Dr
ai
na
ge
 
St
at
io
n 
n
a
m
e
 
a
r
e
a o
a
n
d 
lo
ca
ti
on
 
(m
i 
)
Pe
ri
od
 
of
 
r
e
c
o
r
d
Da
te
Ga
ge
 
he
ig
ht
 
(f
t)
of
 
r
e
c
o
r
d 
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
Di
sc
ha
rg
e
(f
t
3/
s)
 
"
m
i7
"
 
Da
te
Ga
ge
 
Di
sc
ha
rg
e 
Re
cu
rr
en
ce
he
ig
ht
 
ft
3/
s 
in
te
rv
al
(f
t)
 
(f
t 
/s
) 
m
ia
NO
RT
H 
AT
LA
NT
IC
 
SL
OP
E 
BA
SI
NS
(y
ea
rs
)
HU
DS
ON
 
RI
VE
R 
BA
SI
N
kO
 13
 1
20
00
J0
13
14
50
0
k0
13
 1
50
00
k0
13
15
50
0
k0
13
18
50
0
m
01
3 
19
80
0
"
01
31
99
50
k0
13
21
00
0
k0
13
23
50
0
Hu
ds
on
 R
iv
er
 n
e
a
r
 
Ne
wc
om
b 
19
2
In
di
an
 L
ak
e 
n
e
a
r
 
In
di
an
 L
ak
e 
13
1
*
In
di
an
 R
iv
er
 n
e
a
r
 
In
di
an
 L
ak
e 
13
2
*
Hu
ds
on
 R
iv
er
 a
t 
No
rt
h 
Cr
ee
k 
79
2
Hu
ds
on
 R
iv
er
 a
t 
Ha
dl
ey
 
1,
66
4
W 
Br
 
Sa
ca
nd
ag
a 
R 
a
t 
Ar
ie
tt
a 
28
.9
Sa
nd
 L
ak
e 
Ou
tl
et
 
n
e
a
r
 
Pi
se
co
 
7.
2
Sa
ca
nd
ag
a 
Ri
ve
r 
n
e
a
r
 
Ho
pe
 
49
1
Gr
ea
t 
Sa
ca
nd
ag
a 
L 
at
 
Co
nk
li
ng
vi
ll
e 
1,
04
4
19
26
- 
c
u
r
r
e
n
t
19
01
- 
c
u
r
r
e
n
t
19
13
,1
6-
 
c
u
r
r
e
n
t
19
08
- 
c
u
r
r
e
n
t
19
22
- 
c
u
r
r
e
n
t
19
63
- 
c
u
r
r
e
n
t
19
62
-8
3
19
12
- 
c
u
r
r
e
n
t
19
31
- 
c
u
r
r
e
n
t
I/
 
1/
49
3/
28
/1
3
3/
28
/1
3
12
/3
1/
48
I/
 
1/
49
3/
25
/7
9 
3/
 6
/7
9
4/
 9
/8
0 
2/
20
/8
1
3/
27
/1
3 
3/
 
1/
55
5/
 4
/8
3
11
.4
0
"
16
56
.7
1
7.
80
12
.1
4
21
.2
1
12
.7
6 
a
!3
.6
5
2.
72
 
a
5.
41
qr
ii.
oo
a
!3
.3
2
"
77
3.
29
7,
44
0 
38
.8
 
12
/3
0/
84
I/
 4
/8
5
3,
46
0 
26
.2
 
I/
 
5/
85
28
,9
00
 
36
.5
 
12
/3
0/
84
42
,7
00
 
25
.7
 
12
/3
0/
84
1,
94
0 
67
.1
 
12
/2
9/
84
47
5 
66
.0
 
12
/2
9/
84
32
,0
00
 
65
.2
 
12
/2
9/
84
11
 
4/
85
9.
58
 
5,
78
0 
30
.1
"
16
47
.2
9
2.
83
 
50
0 
3.
8
9.
92
 
17
,0
00
 
21
.5
11
.6
0 
19
,2
00
 
11
.5
11
.8
6 
1,
43
0 
49
.5
2.
60
 
43
6 
60
.6
7.
05
 
11
,1
00
 
22
.6
"
75
3.
57
15
 <
2 4 2 4 7
<
2
k0
13
25
00
0 
*
Sa
ca
nd
ag
a 
Ri
ve
r
at
 
St
ew
ar
ts
 
Br
id
ge
n
e
a
r
 
Ha
dl
ey
 
1,
05
5
k0
13
27
75
0 
*
Hu
ds
on
 R
iv
er
 a
t 
Fo
rt
 
Ed
wa
rd
"
01
32
91
54
 
St
ee
le
 B
ro
ok
 a
t 
Sh
us
ha
n
2,
81
7
19
08
- 
3/
28
/1
3 
r
!2
.3
6 
b3
5,
50
0 
33
.6
c
u
rr
e
n
t 
5/
 
4/
83
 
9.
68
 
S1
3,
30
0 
12
.6
19
77
- 
5/
 
3/
83
 
28
.3
4 
35
,2
00
 
12
.5
c
u
rr
e
n
t 
1/
11
/7
8 
a
28
.7
1
I/
 
3/
85
 
6.
28
 
5,
64
0 
5.
3
12
/3
1/
84
 
24
.7
9 
19
,5
00
 
7.
0
2.
85
19
79
- 
c
u
rr
e
n
t 
3/
 
5/
79
5.
51
11
5 
40
.4
 
I/
 
2/
85
 
<
2.
90
 
<
25
 
<
8.
8
<
2
<
2
<
2
m
01
32
97
80
 
Se
ss
io
ns
 
Bk
 a
t 
Po
rt
er
s 
Co
rn
er
s
1.
04
19
68
- 
c
u
rr
e
n
t 
3/
14
/7
7 
M
3.
40
38
0 
76
.9
 
I/
 
2/
85
 
9.
35
7.
6 
7.
3
<2
Pr
ev
io
us
 
fl
oo
d 
of
St
at
io
n 
n
u
m
be
r
Dr
ai
na
ge
 
Pe
ri
od
 
St
at
io
n 
n
a
m
e
 
a
r
e
a
 
of
o
a
n
d 
lo
ca
ti
on
 
(ra
i 
) 
r
e
c
o
r
d
NO
RT
H
r
e
c
o
r
d
Ga
ge
 
Di
sc
ha
rg
e
Da
te
AT
LA
NT
IC
he
ig
ht
 
(f
t)
 
(f
t
SL
OP
E 
BA
SI
NS
3/
s)
-
fjt
jVs
. 
m
ix
Fl
oo
d 
o
f 
De
ce
mb
er
 
19
84
Ga
ge
 
Di
sc
ha
rg
e 
Re
cu
rr
en
ce
he
ig
ht
 
Da
te
 
(f
t)
 
(f
tV
s)
ft
3/
 s 
in
te
rv
al
 
m
i
2- 
(y
ea
rs
)
HU
DS
ON
 
RI
VE
R 
BA
SI
N
m
01
32
99
00
k0
13
30
50
0
MO
HA
WK
J0
13
35
90
0
k0
13
36
00
0
-
P-
 
Ln
"
01
34
27
30
"
01
34
28
00
JQ
13
43
90
0
k0
13
46
00
0
m
01
34
68
20
k0
13
47
00
0
m
01
34
74
60
k0
13
48
00
0
Gl
ow
eg
ee
 
Cr
 
Tr
ib
 
at
 
Mo
sh
er
vi
ll
e
Ka
ya
de
ro
ss
er
as
 
Cr
 
n
r
 
We
st
 
Mi
lt
on
RI
VE
R 
BA
SI
N
De
lt
a 
Re
se
rv
oi
r 
n
e
a
r
 
Ro
me
*
Mo
ha
wk
 R
 
be
lo
w 
De
lt
a 
Da
m 
n
e
a
r
 
Ro
me
St
ee
le
 
Cr
ee
k 
at
 
Il
io
n
We
st
 
Ca
na
da
 
Cr
ee
k 
a
t 
No
bl
eb
or
o
Hi
nc
kl
ey
 
Re
se
rv
oi
r 
a
t 
Hi
nc
kl
ey
ic
We
st
 
Ca
na
da
 
Cr
ee
k 
a
t 
Ka
st
 
Br
id
ge
Mo
ha
wk
 
R 
Tr
ib
 
at
 
In
di
an
 
Ca
st
le
Mo
ha
wk
 R
iv
er
 
n
e
a
r
 
Li
tt
le
 
Fa
ll
s
Sp
ru
ce
 
L 
Tr
ib
 
n
r
 
Sa
li
sb
ur
y 
Ce
nt
er
Ea
st
 
Ca
na
da
 
Cr
ee
k 
at
 
Ea
st
 
Cr
ee
k
19
68
-7
5,
 
19
79
- 
1.
42
 
c
u
r
r
e
n
t
19
28
- 
90
.0
 
c
u
r
r
e
n
t
19
51
- 
14
8 
c
u
r
r
e
n
t
19
22
- 
15
2 
c
u
r
r
e
n
t
26
.2
 
19
65
-8
3
19
46
, 
19
3 
19
58
-7
6
19
15
- 
37
2 
c
u
r
r
e
n
t
19
13
,2
1-
 
56
0 
c
u
r
r
e
n
t
19
74
- 
1.
36
 
c
u
r
r
e
n
t
19
13
,2
8-
 
1,
34
2 
c
u
r
r
e
n
t
19
75
- 
0.
54
 
c
u
r
r
e
n
t
19
46
- 
28
9 
c
u
r
r
e
n
t
3/
14
/7
7
3/
18
/3
6 
3/
14
/7
7
6/
22
/7
2
10
/ 
2/
45
2/
20
/8
1
10
/ 
2/
A5
10
/ 
2/
45
3/
26
/1
3 
2/
17
/4
3
3/
22
/8
0
3/
28
/1
3 
3/
14
/7
7
10
/1
7/
77
 
4/
18
/8
2
10
/ 
2/
45
13
.1
5
q
!0
.7
8 
4 
q
!1
.2
0 
d4
"
55
2.
8
11
.1
8 
d8
5.
30
 
1
q
!2
.5
6 
d
!6
h!
23
0.
2
h2
3 
a
!0
.4
7
5.
05
h3
4 
q
!9
.1
7 
33
3.
94
 
4.
53
q9
.0
0 
c
d2
4
13
9
,
71
0 
,
25
0
 
,
56
0
,
81
0
,
80
0
 
,
30
0
21
0
,
20
0 
,
10
0 72
 
64
,
00
0
97
.9
52
.3
 
47
.2
 56
.3
69
.1
87
.0
 41
.6
15
4 25
.5
 
24
.7
13
3 
11
8 83
.0
I/
 
2/
85
 
11
.7
5 
47
I/
 
2/
85
 
3.
39
 
49
3
I/
 
2/
85
 
h5
51
.8
I/
 
2/
85
 
6.
52
 
2,
72
0
12
/2
9/
84
 
3.
18
 
61
8
12
/2
9/
84
 
q
!3
.9
3 
20
,0
00
I/
 
3/
85
 "
12
25
.2
7
12
/2
9/
84
 
b6
.1
 
b!
0,
40
0
12
/2
9/
84
 
<
1.
40
 
<
10
12
/2
9/
84
 
14
.2
3 
18
,0
00
12
/2
9/
84
 
2.
85
 
30
12
/2
9/
84
 
7.
68
 
13
,6
00
33
.1
 
<
2
5.
5 
<
2
 
 
 
17
.9
 
2
23
.6
 
<
2
10
4 
M
O
O
 
 
 
18
.6
 
3
<
7.
4 
<
2
13
.4
 
<
2
55
.6
 
<
2
47
.1
 
25
Ta
bl
e 
7.
 S
um
ma
ry
 o
f 
pe
ak
 s
ta
ge
s 
a
n
d 
di
sc
ha
rg
ee
 f
or
 f
lo
od
s 
o
f 
De
ce
mb
er
 1
98
4 
th
ro
ug
h 
Ja
nu
ar
y 
19
85
 (
co
nt
in
ue
d)
[L
oc
at
io
ns
 s
ho
wn
 I
n 
fi
g*
 
7.
]
Pr
ev
io
us
 
fl
oo
d
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
Pe
ri
od
 
a
r
e
a
 
of
o
(m
l 
) 
r
e
c
o
r
d
NO
RT
H
Da
te
AT
LA
NT
IC
Ga
ge
 
he
ig
ht
 
(f
t)
of
 
r
e
c
o
r
d
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
 
.
Di
sc
ha
rg
e
(f
t3
/s
)
ft
3/
3 
m
l
2-
Ga
ge
 
he
ig
ht
 
Da
te
 
(f
t)
Di
sc
ha
rg
e
(f
t3
/s
)
ft
Vs
m
l
2-
Re
cu
rr
en
ce
 
in
te
rv
al
 
(y
ea
rs
)
SL
OP
E 
BA
SI
NS
H
UD
SO
N 
RI
VE
R 
BA
SI
N
M
OH
AW
K
"
'
01
34
84
20
RI
VE
R 
BA
SI
N
No
rt
h 
Cr
ee
k 
n
r
 
Ep
hr
at
ah
19
75
- 
6.
52
 
c
u
r
r
e
n
t
6/
29
/8
2
8.
95
54
0
82
.8
12
/2
9/
84
 
5.
62
20
8
31
.9
<
2
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
BA
SI
N
L
A
K
E
 
ON
TA
RI
O 
BA
SI
N 
US
WE
GO
 
RI
VE
R 
BA
SI
N
P0
42
40
94
2 
W 
Br
 
Fi
sh
 C
re
ek
 
n
r
 
Ca
md
en
k0
42
42
50
0 
E 
Br
 
Fi
sh
 C
re
ek
 
at
 
Ta
be
rg
D0
42
42
79
5 
Ca
na
da
 C
re
ek
 T
rl
b 
n
r
 
Le
e 
Ce
nt
er
k0
42
43
50
0 
On
eI
da
 C
re
ek
 a
t 
On
eI
da
Q0
42
45
84
0 
Sc
rl
ba
 C
re
ek
 n
e
a
r
 
Co
ns
ta
nt
la
^
42
46
00
0 
On
e i
d a
 
La
ke
 a
t 
Br
ew
er
to
n
k0
42
46
50
0 
*
0n
el
da
 R
iv
er
 a
t 
Ca
ug
hd
en
oy
L
A
K
E
 
ON
TA
RI
O 
BA
SI
N
m
04
24
90
67
3 
N 
Br
 
Gr
in
ds
to
ne
 C
r 
n
e
a
r
 
Al
tm
ar
13
3
12
/2
9/
84
d4
,4
!0
 
33
.2
19
24
- 
6/
22
/7
2 
11
.7
1 
14
,5
00
 
77
.1
 
18
8 
c
u
r
r
e
n
t 
10
/ 
2/
45
 
11
.9
0 
13
,6
00
 
72
.3
 
12
/2
9/
84
 
q!
3.
81
 
d2
1,
60
0 
11
5
19
77
- 
1.
34
 
c
u
r
r
e
n
t 
10
/ 
9/
76
19
50
-
6.
95
16
5 
12
3 
12
/2
9/
84
 
2.
37
 
b4
2 
31
.3
11
3 
c
u
r
r
e
n
t 
10
/ 
9/
76
 
15
.0
1 
9,
11
0 
80
.6
 
12
/3
0/
84
 
8.
10
 
1,
91
0 
16
.9
95
9 
25
.0
19
66
- 
9/
26
/7
5 
7.
33
 
1,
31
0 
34
.1
 
38
.4
 
c
u
r
r
e
n
t 
6/
22
/7
2 
7.
42
 
1,
20
0 
31
.2
 
12
/2
9/
84
 
6.
44
19
36
,5
3-
 
1,
38
2 
c
u
r
r
e
n
t 
3/
29
/3
6 
h3
73
.5
19
03
-1
2 
19
48
- 
1,
38
2 
c
u
r
r
e
n
t 
3/
25
/0
3
I/
 3
/8
5 
37
0.
91
f!
3,
80
0 
10
.0
 
I/
 
1/
85
 
9.
84
 
7,
66
0 
5.
5
19
76
- 
11
.2
 
c
u
r
r
e
n
t 
3/
13
/7
7
10
M
O
O
 3
<
2 8
15
.0
3
48
2 
43
.0
 
12
/2
9/
84
8.
82
24
1 
21
.5
<
2
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
a
r
e
a
 
(m
i2
)
Pe
ri
od
 
of
Pr
ev
io
us
 f
lo
od
 
of
 
r
e
c
o
r
d
Ga
ge
 
Di
sc
ha
rg
e
he
ig
ht
r
e
c
o
r
d 
Da
te
__
__
_(
ft
) 
(f
t 
/s
) 
m
l
Fl
oo
d 
o
f-
De
ce
mb
er
 
19
84
__
__
_
Ga
ge
 
Di
sc
ha
rg
e 
Re
cu
rr
en
ce
 
he
ig
ht
 
,
 
ft
 L
a 
in
te
rv
al
 
Da
te
 
(f
t)
 
(f
t 
/s
) 
m
i 
(y
ea
rs
)
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
BA
SI
N
LA
KE
 
ON
TA
RI
O 
BA
SI
N
PQ
42
49
08
0 
Sa
lm
on
 R
iv
er
 n
e
a
r
Os
ce
ol
a 
14
.3
"
04
24
92
00
 
N 
Br
 
Sa
lm
on
 R
iv
er
at
 
Re
df
ie
ld
 
82
.5
J0
42
49
70
0 
Sa
lm
on
 R
iv
er
 
Re
se
rv
oi
r
n
e
a
r
 
Or
we
ll
 
19
4
J0
42
49
70
2 
Lo
we
r 
Sa
lm
on
 R
iv
er
 
Re
se
rv
oi
r 
n
e
a
r
 
Al
tm
ar
 
19
8
PQ
42
50
20
0 
*
Sa
lm
on
 
Ri
ve
r 
at
Pi
ne
vi
ll
e 
24
1
19
62
-6
4 
4/
 4
/6
3 
6.
85
12
/2
9/
84
12
/2
9/
84
dl
,7
70
 
12
4
12
/1
1/
52
d
!8
,2
00
 
76
.2
 
12
/2
9/
84
k0
42
50
75
0 
Sa
nd
y 
Cr
ee
k 
n
e
a
r
 
Ad
am
s
BL
AC
K 
RI
VE
R 
BA
SI
N
19
58
-
12
8 
c
u
r
r
e
n
t 
4/
 4
/6
3 
11
.0
1 
d7
,6
40
 
59
.7
P0
42
50
83
0 
Bl
ac
k 
Ri
ve
r 
at
En
os
 
72
.3
J0
42
50
99
9 
Bl
ac
k 
Ri
ve
r 
at
Fo
re
st
po
rt
 
25
0
k0
42
52
50
0 
Bl
ac
k 
Ri
ve
r 
n
e
a
r
Bo
on
vi
ll
e 
30
4
"
04
25
30
00
 
Su
ga
r 
Ri
ve
r 
at
Ta
lc
ot
tv
il
le
 
43
.1
J
04
25
33
00
 
Si
xt
h 
La
ke
 
n
e
a
r
Ol
d 
Fo
rg
e 
18
.6
J0
42
53
40
0 
Fi
rs
t 
La
ke
 
at
Ol
d 
Fo
rg
e 
53
.6
12
/1
1/
52
d
2,
87
0 
39
.7
 
12
/2
9/
84
19
11
- 
4/
18
/8
2 
11
.3
1 
12
,8
00
 
42
.1
 
c
u
r
r
e
n
t 
2/
21
/8
1 
a
!3
.1
0
19
27
-3
1,
19
53
, 
19
68
-6
9 
4/
10
/6
9 
5.
74
 
d
5,
39
0 
12
5
19
13
- 
c
u
rr
e
n
t 
10
/ 
3/
45
 
hl
78
7.
1
19
13
- 
c
u
rr
e
n
t 
6/
17
/7
2 
hl
70
7.
9
12
/3
0/
84
 
11
.4
1 
12
,8
00
 
42
.1
12
/2
9/
84
12
/3
0/
84
 
h!
78
6.
60
I/
 
4/
85
 h
!7
06
.9
4
d5
,8
60
 
13
6
40
d!
3,
60
0 
16
5 
M
OO
12
/2
9/
84
 
h9
38
.9
1 
h2
2,
10
0 
11
4 
M
OO
12
/2
9/
84
 
ht
65
6.
+ 
h2
2,
80
0 
11
5 
M
OO
d2
4,
80
0 
10
3 
>
10
0
12
/2
9/
84
 
q
!0
.6
3 
d7
,2
40
 
56
.6
 
15
16
,7
70
 
93
.6
 
M
OO
10
/ 
2/
45
 
q4
.3
0 
d9
,2
60
 
37
.0
 
12
/3
0/
84
 
q4
.8
1 
bl
l,
00
0 
44
.0
 
70 60 50
00
Ta
bl
e 
7.
 S
um
ma
ry
 o
f 
pe
ak
 s
ta
ge
s 
a
n
d 
di
sc
ha
rg
es
 f
or
 f
lo
od
s
o
f 
De
ce
mb
er
 1
98
4 
th
ro
ug
h 
Ja
nu
ar
y 
19
85
 
(c
on
ti
nu
ed
).
[L
oc
at
io
ns
 s
ho
wn
 i
n 
fi
g.
 7
.]
Pr
ev
io
us
 f
lo
od
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
a
r
e
a
 
(m
i2
)
Pe
ri
od
 
of
 
r
e
c
o
r
d 
Da
te
Ga
ge
 
he
ig
ht
 
(f
t)
of
 
r
e
c
o
r
d
Di
sc
ha
rg
e
(f
t3
/s
) 
~
S
^
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
Ga
ge
i 
he
ig
ht
 
Da
te
 
(f
t)
Di
sc
ha
rg
e
(f
t3
/s
) 
~
m
i*
~
Re
cu
rr
en
ce
 
in
te
rv
al
 
(y
ea
rs
)
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
BA
SI
N
LA
KE
 
ON
TA
RI
O 
BA
SI
N 
BL
AC
K 
RI
VE
R 
BA
SI
N
n
04
25
35
00
 
*
Mi
dd
le
 
Br
 
Mo
os
e 
R 
a
t 
Ol
d 
Fo
rg
e
"
04
25
40
00
 
*
Mi
dd
le
 B
r 
Mo
os
e 
R 
n
e
a
r
 
Mc
Ke
ev
er
"
04
25
45
00
 
*
Mo
os
e 
Ri
ve
r 
a
t 
Mc
Ke
ev
er
"
04
25
50
00
 
Ot
te
r 
Cr
ee
k 
n
e
a
r
 
Gl
en
fi
el
d
P0
42
55
02
0 
Ro
ar
in
g 
Br
oo
k 
a
t 
Ma
rt
in
sb
ur
g
k0
42
56
00
0 
In
de
pe
nd
an
ce
 R
 a
t 
Do
nn
at
ts
bu
rg
°
04
25
60
40
 
Mi
ll
 C
re
ek
 T
ri
b 
n
e
a
r
 
Lo
wv
il
le
55
.0
 
19
12
-7
3 
3/
23
/2
1
f8
62
 
15
.7
 
I/
 
2/
85
 
q4
.8
0 
75
0 
13
.6
15
1
36
3 64
.5
21
.4
88
.7 1.
66
4/
27
/2
6 
6.
60
 
2,
10
0 
13
.9
 
19
26
-6
8 
12
/2
2/
58
 
*
7.
51
12
/2
9/
84
 
q7
.6
0 
3,
20
0 
21
.2
19
02
-7
0 
6/
 3
/4
7 
ql
7.
45
 
C1
8,
70
0 
51
.5
 
12
/2
9/
84
 
h!
6.
00
 
15
,8
00
 
43
.5
19
25
-3
3,
19
53
 
4/
 
8/
28
 
7.
10
 
d2
,1
30
 
33
'
°
12
/2
9/
84
 
e
76
2.
44
 
d3
,8
20
 
59
.2
 
 
12
/1
1/
52
d2
,0
30
 
94
.9
 
12
/2
9/
84
d3
,6
80
 
17
2
k0
42
56
46
0 
Cr
an
be
rr
y 
Po
nd
 O
ut
le
t
n
r
 
Bi
g 
Mo
os
e 
0.
60
J0
42
56
50
0 
St
il
lw
at
er
 R
es
er
vo
ir
n
r
 
Be
av
er
 
Ri
ve
r 
17
1
J0
42
57
00
0 
*
Be
av
er
 
R 
be
lo
w
St
il
lw
at
er
 D
am
 
n
r
Be
av
er
 
Ri
ve
r 
17
1
^
42
58
00
0 
*
Be
av
er
 
Ri
ve
r 
a
t
Cr
og
ha
n 
29
1
k0
42
58
02
2 
*
Bl
ac
k 
Ri
ve
r 
a
t
Ca
st
or
la
nd
 
1,
61
2
m
04
25
87
00
 
De
er
 
Ri
ve
r 
a
t
D
ee
r 
R
iv
er
 
94
.8
19
43
- 
c
u
rr
e
n
t 
4/
18
/8
2 
9.
73
 
5,
53
0 
62
.3
19
76
- 
c
u
rr
e
n
t 
3/
 
5/
79
 
13
.4
1 
31
2 
18
8
19
84
- 
c
u
rr
e
n
t 
2/
15
/8
4 
1.
79
 
11
 
18
.3
19
09
- 
c
u
rr
e
n
t 
5/
20
/6
9 
h!
68
0.
08
12
/3
0/
84
 
13
.3
4 
d9
,4
20
 
10
6
12
/2
9/
84
 
12
.2
6 
22
4 
13
5
12
/2
9/
84
 
*
2.
98
I/
 
8/
85
 h
!6
79
.1
5
19
09
- 
c
u
r
r
e
n
t 
5/
 
3/
26
19
31
-
bh
3,
70
0 
21
.6
 
I/
 
9/
85
fh
1,
04
0 
6.
1
c
u
r
r
e
n
t 
5/
21
/6
9 
6.
98
 
5,
10
0 
17
.5
 
12
/3
0/
84
 
6.
83
 
4,
84
0 
16
.6
19
85
 
 
19
57
- 
4/
 4
/6
3 
9.
60
 
dl
1,
40
0 
12
0
c
u
r
r
e
n
t 
3/
 6
/7
9 
a
ll
,1
0
12
/3
1/
84
 
73
9.
20
 
36
,9
00
 
22
.9
12
/2
9/
84
 
10
.6
3 
12
,4
00
 
13
1
25
M
O
O
M
O
O
M
O
O
M
O
O
M
O
O 4 10 <2 60 b9
0
10
0
Pr
ev
io
us
 
fl
oo
d 
of
 
r
e
c
o
r
d
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
a
r
e
a
 
(m
i2
)
Pe
ri
od
of
 
r
e
c
o
r
d
Ga
ge
 
he
ig
ht
Di
sc
ha
rg
e ft
Da
te
(f
t)
 
(f
tV
s)
 
m
i
Fl
oo
d 
of
 D
ec
em
be
r 
19
84
__
__
_
Ga
ge
 
Di
sc
ha
rg
e 
Re
cu
rr
en
ce
 
he
ig
ht
 
,
 
ft
 
^
s 
in
te
rv
al
 
Da
te
 
(f
t)
 
(f
t 
la
) 
m
i 
(y
ea
rs
)
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
BA
SI
N
LA
KE
 
ON
TA
RI
O 
BA
SI
N 
BL
AC
K 
RI
VE
R 
BA
SI
N
k0
42
60
50
0 
*
Bl
ac
k 
Ri
ve
r 
at
 
Wa
te
rt
ow
n
LA
KE
 
ON
TA
RI
O 
BA
SI
N
m
04
26
05
75
 
Ho
rs
e 
Cr
ee
k 
Tr
ib
 
n
e
a
r
 
De
xt
er
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
MA
IN
 
ST
EM
JQ
42
60
99
0 
Cr
an
be
rr
y 
La
ke
 
at
 
Cr
an
be
rr
y 
La
ke
n
04
26
10
00
 
*
0s
we
ga
tc
hi
e 
R 
at
 
Cr
an
be
rr
y 
La
ke
P0
42
61
90
0 
Li
tt
le
 
R 
at
 
Os
we
ga
tc
hi
e
"
04
26
20
00
 
*
0s
we
ga
tc
hi
e 
R 
nr
 
Os
we
ga
tc
hi
e
k0
42
62
50
0 
W 
Br
 
Os
we
ga
tc
hi
e 
R 
n
r
 
Ha
rr
is
vi
ll
e
'
04
26
30
00
m
04
26
34
45
Os
we
ga
tc
hi
e 
R 
nr
 
He
uv
el
to
n
Bi
rc
h 
Cr
ee
k 
at
 
Pi
er
ce
s 
Co
rn
er
s
1,
86
4
18
69
,
19
21
- 
4/
23
/1
86
9 
 
 
b3
9,
70
0 
21
.3
 
c
u
r
r
e
n
t 
3/
16
/7
7 
12
.9
8 
39
,6
00
 
21
.2
12
/3
1/
84
 
13
.1
5 
42
,9
00
 
23
.0
 
10
0
4.
59
14
0
14
0 61
.0
25
9
24
4
96
5
19
76
- 
c
u
rr
e
n
t 
3/
13
/7
7 
14
.4
3
19
24
- 
c
u
rr
e
n
t 
5/
13
-1
5/
71
 
hl
8.
5
70
0 
15
2 
12
/2
9/
84
 
<
9.
72
 
<
72
 
<
15
.7
I/
 
1/
85
 
"
17
.1
19
23
-8
2 
5/
13
/4
3 
7.
70
 
1,
94
0 
13
.9
 
I/
 
1/
85
 
q6
.7
6 
1,
20
0 
8.
6
4/
12
/4
7 
6.
98
 
4,
09
0 
15
.8
 
19
25
-6
8 
4/
26
/2
6 
7.
30
 
3,
73
0 
14
.4
19
17
- 
3/
15
/7
7 
9.
31
 
7,
08
0 
29
.0
 
c
u
r
r
e
n
t 
I/ 
9/
30
 
9.
60
 
6,
92
0 
28
.4
19
17
- 
c
u
r
r
e
n
t 
4/
 
6/
60
 
10
.3
6 
19
,6
00
 
20
.3
12
/2
9/
84
 
 
 
d2
,8
50
 
46
.7
I/
 
1/
85
 
q6
.0
6 
2,
85
0 
11
.0
12
/3
0/
84
 
8.
74
 
6,
07
0 
24
.9
I/
 
2/
85
 
6.
67
 
9,
10
0 
9.
4
1.
56
19
76
- 
c
u
r
r
e
n
t 
4/
 
3/
78
4.
90
k0
42
64
05
0 
St
 
La
wr
en
ce
 
R 
nr
Wa
dd
in
gt
on
 
29
8,
50
0
19
76
- 
c
u
r
r
e
n
t 
4/
 
6/
76
 
f2
44
.8
0
85
 
54
.5
 
12
/2
9/
84
 
<
3.
19
 
<
46
 
<
29
.5
1/
14
/8
5 
24
2.
05
<
2 10 20 <2
Ta
bl
e 
7.
 S
um
ma
ry
 o
f 
pe
ak
 s
ta
ge
s 
a
n
d 
di
sc
ha
rg
es
 f
or
 f
lo
od
s
o
f 
Oe
ce
nt
oe
r 
19
84
 t
hr
ou
gh
 J
an
ua
ry
 1
98
5 
(c
on
ti
nu
ed
).
[L
oc
at
io
ns
 s
ho
wn
 
in
 
fi
g.
 
7.
]
Pr
ev
io
us
 
fl
oo
d 
o
f 
r
e
c
o
r
d
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
D
ra
in
ag
e 
a
re
a
 
(m
i2
)
Pe
ri
od
o
f 
r
e
c
o
r
d 
Da
te
Ga
ge
 
Di
sc
ha
rg
e
he
ig
ht
 
"
 
ft
(f
t)
__
(f
t
3/
s)
 
"
m
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
__
__
_
Ga
ge
 
Di
sc
ha
rg
e,
 
Re
cu
rr
en
ce
he
ig
ht
ft
 /
s 
in
te
rv
al
Da
te
 
(f
t)
 
(f
t 
/s
) 
m
i'
 
(y
ea
rs
)
U
l o
ST
. 
LA
UR
EN
CE
 
RI
VE
R 
M
A
I
N 
ST
EM
"
04
26
43
00
 
Br
an
dy
 B
ro
ok
 n
r
 
Ua
dd
in
gt
on
ST
. 
LA
WR
EN
CE
 
R
I
VE
R 
BA
SI
N
19
59
- 
3/
13
/7
7 
8.
75
 
27
.0
 
c
u
r
r
e
n
t 
3/
19
/7
3 
a
9.
65
94
1 
34
.8
12
/2
9/
84
 
5.
73
 
16
6 
6.
1
i0
42
64
33
1 
*
St
 
La
wr
en
ce
 
R
 a
t
Co
rn
wa
ll
, 
On
ta
ri
o,
n
e
a
r
 
Ma
ss
en
a 
29
8,
80
0
19
72
- 
c
u
r
r
e
n
t 
6/
22
/7
6
"
04
26
47
00
 
N 
Br
 
Gr
as
s 
Ri
ve
r 
n
e
a
r
 
Cl
ar
e
"
04
26
50
00
 
Gr
as
s 
Ri
ve
r 
a
t 
Py
 ri
 t
es
"
04
26
51
00
 
El
m 
Cr
ee
k 
n
e
a
r
 
He
 n
o
o
n
"
04
26
53
00
 
Li
tt
le
 R
iv
er
 
n
e
a
r
 
Ca
nt
on
k0
42
65
60
5 
Li
tt
le
 
Si
mo
n 
Po
nd
Ou
tl
et
 
n
e
a
r
Tu
pp
er
 L
ak
e
1H
&
26
65
00
 
*
Ra
qu
et
te
 
Ri
ve
r 
a
t 
Pi
er
ce
fi
el
d
J0
42
66
70
0 
Ca
rr
y 
Fa
ll
s 
Re
s.
 
n
r
 
So
ut
h 
Co
lt
on
k0
42
67
50
0 
*
Ra
qu
et
te
 
Ri
ve
r 
a
t 
So
ut
h 
Co
lt
on
"
04
26
76
00
 
Co
ld
 B
ro
ok
 n
e
a
r
 
So
ut
h 
Co
lt
on
"
04
26
78
00
 
Tr
ou
t 
Br
oo
k 
a
t 
Al
ie
n 
Co
rn
er
s
^
42
68
00
0 
*
Ra
qu
et
te
 
Ri
ve
r 
a
t 
Ra
ym
on
dv
il
le
33
3
11
/1
8/
27
 
q
!3
.0
0 
b8
,3
00
 
24
.9
 
19
25
-7
7 
3/
15
/7
7 
13
.2
4 
6,
93
0 
20
.8
19
59
-
32
.6
 
c
u
r
r
e
n
t 
4/
 6
/7
4 
9.
07
 
bl
,2
70
 
39
.0
42
.4
 
19
59
-7
6 
4/
 5
/7
4 
8.
32
 
3,
30
0 
77
.8
2.
95
72
1
87
2
93
7 18
.7
54
.2
1,
12
5
19
84
- 
c
u
r
r
e
n
t
19
09
- 
c
u
r
r
e
n
t
19
55
- 
c
u
r
r
e
n
t
19
54
- 
c
u
r
r
e
n
t
19
62
-7
6
19
59
- 
c
u
r
r
e
n
t
19
44
- 
c
u
r
r
e
n
t
4/
17
/8
4 
2.
76
35
 
11
.9
 
12
/2
9/
84
 
3.
78
 
15
0 
50
.8
5/
 8
/7
2 
12
.2
5 
8,
36
0 
11
.6
 
I/
 4
/8
5 
10
.4
1 
5,
69
0 
7.
9
6/
 
1/
55
 ^
13
86
.1
I/
 5
/8
5 
"
13
81
.8
5/
11
/7
1 
9.
80
 
9,
72
0 
10
.4
 
I/
 
9/
85
 
8.
68
 
7,
60
0 
8.
1
3/
29
/6
3 
3.
11
 
4/
 5
/7
4 
3.
58
76
8 
41
.1
65
1 
34
.8
12
/2
9/
84
 
q3
.6
0 
67
9 
36
.3
4/
 
5/
74
 
12
.4
0 
d3
,3
50
 
61
.8
 
12
/2
9/
84
 
6.
55
 
50
1 
9.
2
4/
 
5/
74
 
8.
40
 
13
,0
00
 
11
.6
 
2/
22
/5
4 
39
.2
4
<2
fh
35
2,
00
0 
1.
2 
1/
27
/8
5 
 
 
fh
24
5,
00
0 
0.
8 
<
2
46
.3
 
19
59
-6
9 
4/
 4
/6
3 
7.
59
 
1,
29
0 
27
.9
 
12
/2
9/
84
 
q7
.7
6 
1,
42
0 
30
.7
 
40
12
/2
9/
84
 
q!
2.
20
 
6,
18
0 
18
.6
 
7
12
/2
9/
84
 
6.
60
 
52
6 
16
.1
 
<
2 
12
/2
9/
84
 
q7
.5
8 
2,
30
0 
54
.2
 
9 15 <2
1/
10
/8
5 
6.
24
 
7,
98
0 
7.
1
Pr
ev
io
us
 
fl
oo
d 
of
 
r
e
c
o
r
d
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
Pe
ri
od
a
r
e
a
 
of
 
2
(m
i 
) 
r
e
c
o
r
d ST
.
Da
te
LA
WR
EN
CE
Ga
ge
 
Di
sc
ha
rg
e
he
ig
ht
 
ft
 /
s 
(f
t)
 
(f
t3
/s
) 
"
m
l*
"
RI
VE
R 
BA
SI
N
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
Da
te
Ga
ge
 
Di
sc
ha
rg
e 
Re
cu
rr
en
ce
he
ig
ht
 
,
 
ft
 ^
s
 
in
te
rv
al
 
(f
t)
 
(f
t 
/s
) 
m
f
^
 
(y
ea
rs
)
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
MA
IN
 
ST
EM
m
04
26
82
00
"
04
26
87
00
Q0
42
68
72
0
m
04
26
88
00
k0
42
69
00
0
"
04
26
90
43
m
04
26
90
50
m
04
26
91
00
"
04
26
95
00
P0
42
69
86
0
"
04
27
00
00
P0
42
70
03
0
m
04
27
01
00
Pl
um
 B
ro
ok
 n
e
a
r
 
Gr
an
tv
il
le
St
 
Re
gi
s 
Ri
ve
r 
at
 
St
 
Re
gi
s 
Fa
ll
s
Ho
pk
in
to
n 
Br
oo
k 
at
 
Ho
pk
in
to
n
W 
Br
 
St
 
Re
gi
s 
R 
n
r
 
Pa
ri
sh
vi
ll
e
St
 
Re
gi
s 
Ri
ve
r 
at
 
Br
as
he
r 
Ce
nt
er
De
er
 
Ri
ve
r 
at
 
No
rt
h 
La
wr
en
ce
Al
ie
n 
Br
oo
k 
n
e
a
r
 
Br
as
he
r 
Fa
ll
s
La
wr
en
ce
 
Br
oo
k 
n
e
a
r
 
Mo
 I
T 
a
De
er
 
R 
at
 
Br
as
he
r 
Ir
on
 
Wo
rk
s
Du
an
e 
St
re
am
 n
r
 
Du
an
e 
Ce
nt
er
Sa
lm
on
 R
iv
er
 a
t 
Ch
as
m 
Fa
ll
s
Sa
lm
on
 R
iv
er
 a
t 
Ma
lo
ne
W 
Br
 
De
er
 
Cr
 
at
19
59
-6
8,
 
19
71
- 
43
.9
 
c
u
r
r
e
n
t
23
4 
19
59
-6
8
19
62
- 
20
.0
 
c
u
r
r
e
n
t
19
59
- 
17
1 
c
u
r
r
e
n
t
19
11
- 
61
2 
c
u
r
r
e
n
t
78
.0
 
19
73
-7
8
19
61
- 
16
.0
 
c
u
r
r
e
n
t
19
59
- 
25
.7
 
c
u
r
r
e
n
t
19
13
-1
6,
 
18
2 
19
59
-8
0
6.
28
13
2 
19
26
-8
2
18
0
3/
30
/6
3
4/
 4
/6
3
3/
18
/7
3 
2/
15
/8
4
4/
 4
/6
3
4/
 
6/
37
 
4/
 6
/3
7
3/
23
/7
7 
I/
 8
/7
3
12
/ 
9/
80
 
3/
 5
/7
9
3/
14
/7
7 
3/
31
/6
0
1/
17
/1
3
 
4/
25
/2
6
 
6.
94
 
1,
92
0 
43
.7
6.
13
 
3,
73
0 
15
.9
3.
93
 
78
3 
39
.2
 
a
5.
24
6.
12
 
4,
26
0 
24
.9
12
.8
2 
16
,8
00
 
27
.5
 
a
b!
5.
30
6.
18
 
3,
74
0 
47
.9
 
a
!2
.0
3
5.
27
 
1,
27
0 
79
.4
 
a
5.
94
6.
22
 
1,
06
0 
41
.2
 
a
6.
99
r
9.
30
 
9,
70
0 
53
.3
 
5.
00
 
2,
89
0 
21
.9
_
_
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/3
0/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
12
/2
9/
84
<
4.
52
 
<
38
2 
<
8.
7 
<
2
q7
.0
0 
4,
80
0 
20
.5
 
50
3.
98
 
80
4 
40
.2
 
15
7.
37
 
5,
96
0 
34
.9
 
M
O
O
11
.8
0 
13
,1
00
 
21
.4
 
20
d
l,
50
0 
19
.2
 
<
2
4.
69
 
78
6 
49
.2
 
5
6.
33
 
1,
28
0 
49
.8
 
15
q6
.6
0 
3,
52
0 
19
.3
 
4
d3
70
 
58
.9
 
5
q5
.6
3 
3,
70
0 
28
.0
 
M
O
O
d4
,6
70
 
25
.9
 
M
O
O
F
or
t 
C
ov
in
gt
on
 
C
en
te
r
19
62
- 
32
.4
 
c
u
rr
e
n
t 
4/
 
5/
74
8.
23
 
2,
05
0 
63
.3
 
12
/2
9/
84
 
7.
02
 
1,
34
0 
41
.4
Ta
bl
e 
7.
 S
um
ma
ry
 o
f 
pe
ak
 s
ta
ge
s 
a
n
d 
di
sc
ha
rg
es
 f
or
 f
lo
od
s 
o
f 
De
ce
mb
er
 1
98
4 
th
ro
ug
h 
Ja
nu
ar
y 
19
85
.
[L
oc
at
io
ns
 s
ho
wn
 i
n 
fi
g.
 
7.
]
Pr
ev
io
us
 f
lo
od
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
ai
na
ge
 
a
r
e
a
 
(m
i2
)
Pe
ri
od
 
of
 
r
e
c
o
r
d ST
.
Da
te
LA
WR
EN
CE
Ga
ge
 
he
ig
ht
 
(f
t)
of
 
r
e
c
o
r
d 
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
Di
s c
ha
rg
e 
_
(f
t*
/s
)
m
i 
Da
te
Ga
ge
 
he
ig
ht
 
(f
t)
Di
sc
ha
rg
e^
(f
t3
/s
)
f
t
>
 
m
i
RI
VE
R 
BA
SI
N
Re
cu
rr
en
ce
 
in
te
rv
al
 
(y
ea
rs
)
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
MA
IN
 
ST
EM
"
"
04
27
01
50
"
04
27
01
62
k0
42
70
20
0
k0
42
70
51
0
m
04
27
07
00
E 
Br
 
De
er
 
Cr
 
at
Fo
rt
 
Co
vi
ng
to
n 
Ce
nt
er
E 
Br
 
Li
tt
le
 S
al
mo
n 
R 
n
r
 
Sk
er
ry
Li
tt
le
 
Sa
lm
on
 
R 
at
 
Bo
mb
ay
Ch
at
ea
ug
ay
 R
 b
el
ow
 
Ch
at
ea
ug
ay
Tr
ou
t 
Ri
ve
r 
at
 
Tr
ou
t 
Ri
ve
r
23
.9 7.
11
92
.2
15
1
10
7
19
62
- 
c
u
r
r
e
n
t
19
78
- 
c
u
r
r
e
n
t
19
59
- 
c
u
r
r
e
n
t
19
66
- 
c
u
r
r
e
n
t
19
60
- 
c
u
r
r
e
n
t
3/
14
/7
7 
3/
 5
/7
9
6/
20
/7
8
4/
 4
/7
4
4/
 4
/7
4 
2/
11
/6
6
4/
 5
/7
4
7.
45
 
a
8.
16
6.
80
12
.9
0
7.
33
 
a
!0
.9
9
9.
10
1,
74
0
24
0
3,
25
0
5,
20
0
6,
49
0
72
.8
 
12
/2
9/
84
33
.8
 
12
/2
9/
84
35
.2
 
12
/2
9/
84
34
.4
 
12
/2
9/
84
60
.7
 
12
/2
9/
84
6.
01
4.
45
11
.8
0
5.
48
8.
24
91
2
14
3
2,
77
0
1,
61
0
5,
28
0
38
.2
20
.1
30
.0
10
.7
49
.3
4
<
2 10 <2 20
LA
KE
 
CH
AM
PL
AI
N 
BA
SI
N
"
04
27
15
00
 
*
Gr
ea
t 
Ch
az
y 
R 
at
Pe
rr
y 
Mi
ll
s 
24
7
P0
42
72
51
2 
*
Sa
ra
na
c 
Ri
ve
r 
at
Sa
ra
na
c 
La
ke
 
18
7
4/
 7
/3
7 
9.
74
 
6,
00
0 
24
.3
 
19
29
-6
8 
3/
 9
/4
6 
a
!1
.5
0 
-
-
 
-
-
 
12
/3
0/
84
4/
21
/8
2
g9
22
 
4.
9 
12
/3
0/
84
k0
42
73
50
0 
*
Sa
ra
na
c 
Ri
ve
r 
at
 
Pl
at
ts
bu
rg
h
m
04
27
37
00
 
Sa
lm
on
 R
 a
t 
So
ut
h 
Pl
at
ts
bu
rg
h
"
04
27
40
00
 
W 
Br
 
Au
sa
bl
e 
R 
n
r
 
La
ke
 P
la
ci
d
k0
42
75
00
0 
E 
Br
 
Au
sa
bl
e 
R 
at
 
Au
 
Sa
bl
e 
Fo
rk
s
19
04
-3
0,
 
19
44
- 
60
8 
c
u
r
r
e
n
t 
4/
 8
/2
8 
r
!2
.8
0 
dl
l,
50
0 
18
.9
 
12
/3
0/
84
19
60
- 
12
/1
4/
83
 
5.
79
 
1,
89
0 
30
.5
 
61
.9
 
c
u
r
r
e
n
t 
4/
 3
/6
0 
a
7.
31
 
1,
01
0 
16
.3
 
12
/2
9/
84
19
20
-6
8,
 
19
83
- 
11
6 
c
u
r
r
e
n
t 
9/
22
/3
8 
12
.2
0 
10
,8
00
 
93
.1
 
12
/2
9/
84
q7
.6
0 
3,
68
0 
14
.9
d7
08
 
3.
8
10
.0
8 
10
,1
00
 
16
.6
3.
03
50
4 
8.
1
9.
71
 
6,
15
0 
53
.0
19
25
- 
19
8 
c
u
r
r
e
n
t 
9/
22
/3
8 
12
.9
1 
20
,1
00
 
10
2
12
/2
9/
84
 
8.
15
 
7,
60
0 
38
.4
n
04
27
65
00
 
Bo
uq
ue
t 
R 
at
Wi
ll
sb
or
o 
27
5
<2 30
 
<
2 15
19
24
-6
8 
10
/ 
1/
24
 
10
.8
5 
11
,8
00
 
42
.9
 
12
/3
0/
84
 
q6
.3
0 
3,
50
0 
12
.7
<2
Pr
ev
io
us
 
fl
oo
d
St
at
io
n 
n
u
m
be
r
St
at
io
n 
n
a
m
e
 
a
n
d 
lo
ca
ti
on
Dr
 a
i n
a
ge
 
a
r
e
a
 
(m
i2
)
Pe
ri
od
 
of
 
r
e
c
o
r
d 
Da
te
Ga
ge
 
he
ig
ht
 
(f
t)
of
 
r
e
c
o
r
d
Di
sc
ha
rg
e,
(f
t3
/s
)
ft
 "
/8
m
i
Fl
oo
d 
of
 
De
ce
mb
er
 
19
84
Ga
ge
 
Di
sc
ha
rg
e
he
ig
ht
 
ft
 
/>
 
Da
te
 
(f
t)
 
(f
tV
s)
 
m
i
Re
cu
rr
en
ce
in
te
rv
al
 
(y
ea
rs
)
ST
. 
LA
W
RE
NC
E 
RI
V
ER
 B
A
SI
N
Ln LO
ST
. 
LA
WR
EN
CE
 
RI
VE
R 
MA
IN
 
ST
EM
 
LA
KE
 
CH
AM
PL
AI
N 
BA
SI
N
^
42
78
00
0 
La
ke
 G
eo
rg
e 
at
Ro
ge
rs
 
Ro
ck
 
23
3
k0
42
78
30
0 
No
rt
hw
es
t 
Ba
y 
Bk
 n
r
Bo
lt
on
 
La
nd
in
g 
23
.4
k0
42
95
00
0 
Ri
ch
el
ie
u 
R 
(L
ak
e 
Ch
am
pl
ai
n)
 
at
 
Ro
us
es
 
Po
in
t 
8,
27
7
19
14
- 
c
u
r
r
e
n
t 
4/
 9
/3
6 
5.
09
19
66
- 
2/
11
/8
1 
6.
35
 
c
u
r
r
e
n
t 
2/
11
/8
1 
a
7.
14
18
69
, 
18
72
- 
c
u
r
r
e
n
t 
5/
4/
18
69
 h
q!
02
.1
1,
77
0 
75
.6
II
 
1/
85
 
12
/3
0/
84
3.
67
2.
59
20
4
8.
7
<
2
I/
 
1/
85
 
96
.7
5
Pe
ak
 d
is
ch
ar
ge
 
at
 
s
ta
ti
on
 a
ff
ec
te
d 
by
 
r
e
gu
la
ti
on
Af
fe
ct
ed
 
by
 b
ac
kw
at
er
Es
ti
ma
te
d
Af
fe
ct
ed
 
by
 d
am
 f
ai
lu
re
Pe
ak
 d
is
ch
ar
ge
 d
et
er
mi
ne
d 
by
 
in
di
re
ct
 m
e
a
s
u
r
e
m
e
n
t
El
ev
at
io
n,
 
in
 f
ee
t 
a
bo
ve
 s
e
a
 
le
ve
l,
 
at
 
s
it
e 
0.
7 
m
il
es
 d
ow
ns
tr
ea
m 
fr
om
 g
ag
e
Ma
xi
mu
m 
da
il
y 
a
v
e
r
a
ge
Mi
sc
el
la
ne
ou
s 
di
sc
ha
rg
e 
m
e
a
s
u
r
e
m
e
n
t
Fr
om
 
s
o
u
r
c
e
 
o
th
er
 
th
an
 U
.S
. 
Ge
ol
og
ic
al
 
Su
rv
ey
No
 g
ag
e 
-
 
di
sc
ha
rg
e 
de
te
rm
in
ed
 
fr
om
 s
u
m
m
a
ti
on
 o
f 
di
sc
ha
rg
e 
th
ro
ug
h 
da
ms
, 
di
ve
rs
io
ns
, 
an
d 
n
a
v
ig
at
io
n 
c
a
n
a
ls
Ac
ti
ve
 
n
o
n
r
e
c
o
r
di
ng
 g
ag
e
Ac
ti
ve
 
r
e
c
o
r
di
ng
 g
ag
e
Ac
ti
ve
 c
r
e
s
t-
st
ag
e 
ga
ge
Di
sc
on
ti
nu
ed
 g
ag
in
g 
s
ta
ti
on
Mi
sc
el
la
ne
ou
s 
s
it
e
Fr
om
 
fl
oo
dm
ar
k
At
 
di
ff
er
en
t 
s
it
e 
a
n
d/
or
 d
at
um
 d
if
fe
re
nt
 
th
an
 m
o
s
t 
r
e
c
e
n
t
Ma
xi
mu
m 
di
sc
ha
rg
e 
s
in
ce
 
c
o
n
s
tr
uc
ti
on
 o
f 
Co
nk
li
ng
vi
ll
e 
Da
m 
in
 
19
30
Ma
xi
mu
m 
e
le
va
ti
on
 w
a
s
 
s
li
gh
tl
y 
hi
gh
er
 
by
 u
n
kn
ow
n 
a
m
o
u
n
t
